Of the tumors diagnosed in the female dogs have the highest mammary neoplasias incidence. These neoplasias can be influenced by environmental contaminants. Despite evidence of pyrethroid toxicity, carcinogenic potential has not yet been sufficiently elucidated, there is a need to investigate their involvement in mammary tumor. In previous studies, pyrethroid residues were detected in female dogs with mammary neoplasia, however was not investigate the influence of this insecticide in the genesis and aggressiveness of mammary cancer. This study aimed to investigate possible relations between pyrethroid residues and aggressiveness of mammary carcinoma in female dogs. Fifty selected female dogs were divided into five groups of 10 animals each: the Control group, female dogs without mammary neoplasia; the groups Luminal A, Luminal B, HER-2 Superexpression and Basal were constituted by female dogs that presented inguinal mammary carcinoma classified immunohistochemically. The aggressiveness of carcinomas was evaluated by immunohistochemistry (HER-2, p63, estrogen receptor). Residual concentrations of the pyrethroids from the mammary gland and fat tissue adjacent to it were determined by HPLC. Data were analyzed by Chi-Square test. Of the all animals, six presented residues of pyrethroids in mammary samples and 10 presented it in fat tissue samples. There was no statistical evidence that pyrethroids are involved in mammary carcinoma aggressiveness in female dogs.
Introduction
Spontaneous mammary cancer is the most prevalent neoplasia among both female dogs and women [1, 2] . Although, in both species, its occurrence varies with age, geography and breed or ethnicity, the incidence of this cancer is, in general, one in four among non-sterilized female dogs aged more than four years [3, 4] and one in nine among women aged 50 to 69 years, according to Canadian Cancer Society [5] and Australian Institute of Health and Welfare & Australasian Association of Cancer Registries [6] . In Brazil, according to estimates from the National Cancer Institute-INCA [7] , the number of new mammary cancer cases in 2010 was 49.240, with a risk estimated at 49 cases per 100 thousand women.
An immunohistochemical panel to characterize the prognosis of breast carcinomas in women is utilized routinely in laboratories of human pathology. In the immunohistochemical classification of Perou et al. [8] , breast carcinomas in women were subdivided into Luminal A, Luminal B, HER-2 Superexpression and Basal.
The subtype Luminal A, whose phenotype is positive estrogen receptor (ER) and of negative Human Epidermal growth factor Receptor 2-HER-2, is characterized by presenting less aggressive biological behavior. The Luminal B subtype, whose phenotype is ER positive and HER-2 positive, is characterized by moderate aggressiveness. The HER-2 Superexpression subtype, whose phenotype is ER-negative and HER-2 positive, is characterized by loss of control of cell proliferation, confer-ring greater aggressiveness to these tumor types in relation to luminal ones. The Basal subtype, whose phenotype is ER-negative and HER-2 negative, is characterized by greater potential for biological aggressiveness [9] [10] [11] . The subtype Basal still expresses the proteins p63 and/or cytokeratin-5 commonly present in the nucleus of progenitor or basal cells of the mammary gland [12] .
Given this classification, Gama et al. [12] and Sassi et al. [13] tested an immunohistochemical panel utilized in medicine in relation to female dog mammary carcinomas and concluded that, similar to breast cancer in women, the canine form can be classified based on medical markers predictive of tumoral aggressiveness.
In addition to age and breed factors in dogs-as in ethnicity and age in humans with which these animals may live in close association-lifestyle, diet and environmental factors can contribute to the development of some cases of mammary cancer [14] .
Currently, pyrethroids are among the environmental contaminants most utilized in agricultural and forested areas, in domiciles, public environments, in programs of public health and in the control of vectors and ectoparasites of animals, including humans [15] . In dogs, pyrethroids are used extensively against a wide gamut of ectoparasites, in different formulations, including pour-on, spray, collars, solutions, shampoos and sprays [16] .
Pyrethroids can be absorbed by mammals through the digestive or respiratory system or cutaneously [16, 17] . The lipophilic character of pyrethroids favors their rapid access to various tissues such as fat and those of the liver, blood, muscle and brain [18, 19] .
Some epidemiological data indicate that pyrethroids do not act in human carcinogenesis [20] [21] [22] [23] . Nevertheless, other surveys have shown a relation between pyrethroids and leukemia [24] , prostate cancer [25] and multiple myeloma [26] . These data signal the existence of sufficient evidence to evaluate, very carefully, the participation of these compounds in the etiology of different types of cancer in humans and well as dogs, since according to Dagli [14] both species can share the same environment and, therefore, the same exposure conditions.
In relation to mammary cancer, the involvement of pyrethroids was studied in the etiology of mammary neoplasias in an oral carcinogenicity assay in SpragueDawley rats that received 1 to 1000 ppm of the pyrethroid fenvalerate in the diet, for two years. Significant increases in mammary tumor incidence on the order of 51%, 57%, 70%, 65% and 55% were observed for the doses of 1, 5, 25, 250 and 1000 ppm, respectively, versus 43% in the non-treated group [27] .
But in a prospective cohort epidemiological study that evaluated the risk of mammary cancer and indirect exposure to 50 specific agrotoxins among 30,454 wives of pesticide applicators, no relation was found between the 309 incidences of mammary cancer registered in the states of Iowa and North Carolina between 1993 and 2000 and the exposure to all the combined pesticides, or isolated exposure to pyrethroid insecticides. However, the researchers emphasize the need for new studies due to the small number of observed cases [28] .
In light of these data and the inexistence of similar investigations in dogs, Andrade et al. [29] and Bariane and Rocha [30] researched the deposition of pyrethroids in the fat tissue adjacent to malignant mammary neoplasias of nine and 30 female dogs, respectively. Chromatographic analysis of the samples detected the presence of the pyrethroids allethrin, cyhalothrin, cypermethrin, deltamethrin and tetramethrin in 3 [29] and 16 [30] female canine carriers of mammary neoplasias. The important results obtained by these researchers indicate the need to pursue more detailed studies to verify the influence of this insecticide on the genesis and aggressiveness of mammary cancer in female dogs.
Since canine spontaneous mammary neoplasias present various epidemiological, clinical, biochemical and biological characteristics that are similar to those found in humans [2, 14] and given that the two species share the same environment [14] , new and more detailed studies of female dogs could provide a comparative model to help elucidate the various aspects of breast carcinogenesis in women.
The present study aimed to identify possible relations between residues of pyrethroids and spontaneous mammary carcinoma in female dogs by correlating them with the immunohistochemical aggressiveness degree of the neoplasia.
Materials and Methods
This study was conducted according to the Ethical Principles in Animal Experimentation and was approved by the Ethics Committee of FMVZ/UNESP/Botucatu/SP, under protocol number 42/2009. The inclusion of the animals was contingent upon authorization by the owners by means of signing terms of free and clear consent, after being informed about the experimental protocol.
At the Small Animal Clinical Surgery Service and Animal Reproduction Service FMVZ/UNESP/Botucatu/SP, 98 female dogs, aged between seven and 12 years, were selected without predilection for breed; they all presented cytopathological diagnosis of carcinoma of the inguinal mammary gland. Also utilized were 10 healthy female dogs that had been sent to the sterilization program at the Animal Reproduction Service of FMVZ/UNESP/Botucatu/SP, and presented negative clinical diagnosis for mammary neoplasia.
After local antisepsis, the mammary gland lesions of the female dogs with neoplasia were aspirated with a disposable needle, 26 G 1/2, to obtain a preliminary characterization of the enlarged masses as malignant neoplasias of mammary origin. The samples obtained were expellet onto histological slides, fixed in methanol p.a. (Merck, Darmstadt, Germany) and stained in MayGrünwald Giemsa for morphological characterization and fixed in ethanol 95% (Merck, Darmstadt, Germany) for staining by the Papanicolau method in order to evaluate their characteristics of cellular malignancy. Subsequently, they were analyzed under a light microscope (ZEISS-I Model AXIO Imager A1). The cytopathological malignity criteria were those specified by Allen et al. [31] and adopted by the Pathology Service at FMVZ/UNESP/Botucatu/SP.
For the anatomohistopathological analysis one fragment of tumoral mass (1 cm 2 ) was collected from each of the 98 female dogs with mammary neoplasia submitted to partial or radical mastectomy and one inguinal mammary gland was collected from each of the female dogs without a mammary tumor during the elective staining procedure. Each collected fragment was fixed in 10% buffered formalin, routinely processed for histopathology and stained with Hematoxylin and Eosin (HE) at the Pathology service of FMVZ/UNESP/Botucatu/SP. From each cut the slide quality was verified, the neoplasia was classified and the location was chosen for collection of the cylinders subsequently evaluated by tissue microarray. The reading of the slides was accomplished in a light microscope (ZEISS-I Model AXIO Imager A1) following the criteria of tumor classification according to cellular composition adopted by the World Health Organization [32] .
From the cuts stained with HE, the areas of interest for the immunohistochemical study of the samples were marked on the slides and identified in the donor blocks. In the Pathological Anatomy Service at the A.C. Camargo Hospital/Sao Paulo/SP, the areas identified in donor blocks from the 98 female dogs with mammary carcinoma were removed and transferred to two receptor blocks. In each case two cylinders 2 mm in diameter were removed from two distinct areas of the tumor. In each receptor block were also included samples of non-neoplastic mammary gland as a control and one sample of normal placenta tissue to orient the block. TMAs were constructed by utilizing the Tissue MicroArray Builder 20010.2, Histopathology Ltd, Hungary. After the construction, 3 μm sections were cut and attached to positive charged histological slides (Positive charged adhesion slides, Amitel, Brazil), paraffinized and stored at -20˚C until their utilization in immunohistochemical reactions. One section from each receptor block was stained in HE and reviewed to confirm the presence of morphological areas representative of the original lesions.
The samples contained on the TMA slides were sub- The slides were read in a light microscope (ZEISS-I Model AXIO Imager A1) following the prior mapping of TMAs and for each marker a semiquantitative gradation was utilized to evaluate the immunohistochemistry results. The REα colorations were considered positive when nuclear staining was observed in more than 10% of cells, as established by Schmitt et al. [33] . Staining intensity gradations for HER-2 were established by optical analysis based on a graduated Hercep Test ® scoring system (0: negative, 1+: negative, 2+: slightly positive, 3+ strongly positive). The results were considered positive when the tissue was classified as 2+ or 3+. The p63 colorations were considered positive when there was nuclear staining [34] in more than 10% of neoplastic cells.
Based on the data obtained from immunohistochemical reactions, were samples from the 50 female dogs were randomly distributed into five groups of 10 animals each. The Control group was formed by female dogs that presented negative clinical and histopathological diagnoses for mammary neoplasia; the group Luminal A was composed of the female dogs that presented mammary carcinoma classified by immunohistochemistry as Luminal A (ER positive, HER-2 negative and p63 negative); the group Luminal B was constituted by bitches that presented mammary carcinoma immunohistochemi-cally classified as Luminal B (ER positive, HER-2 positive and p63 negative); the HER-2 Superexpression group formed by female dogs with mammary carcinoma classified by immunohistochemistry as HER-2 Superexpression (ER negative, HER-2 positive and p63 negative); and the Basal group comprised the bitches that presented mammary carcinoma immunohistochemically classified as Basal (ER negative, HER-2 negative and p63 positive). The number of animals in each age group was similar among the five groups; and all the female dogs selected resided in an urban environment, had access to the interior of the owner's residence, were fed commercial ration and homemade food, were never treated with hormone therapy and had never been submitted to topical treatment with pyrethroids for at least 60 days.
For the toxicological exam, 5 g of neoplastic tissue and 5 g of normal inguinal mammary tissue were collected during the mastectomy surgical procedure (female dogs with mammary carcinoma) and elective staining (female dogs without any mammary tumor), respectively. Also collected was 5g of fat tissue adjacent to the excised mammary gland from all bitches from all groups. The fragments obtained were maintained under refrigeration at the temperature of -4˚C until the toxicological analysis performed by High-Performance Liquid Chromatography-HPLC, according to the method described by [35] , adapted for the quantitative determination of pyrethroid residue concentrations in samples of mammary and fat tissue. Both tissues from the 50 female dogs selected were processed for extraction of active principles allethrin, cypermethrin, deltamethrin and tetramethrin according to the criteria utilized at the Toxicological Assistance Center (CEATOX) of the Institute of Biosciences/UNESP/Botucatu/SP.
Both the frequency of residues and the association between the presence of pyrethroids in mammary gland and fat tissue in female dogs with mammary carcinoma were evaluated by the Chi-Square test (x 2 ), for which the data were organized into a contingency table, adopting a significance level of p  0.05 [36] .
Results
The staining of mammary carcinoma cells from female dogs in this study by REα (Figure 1 ) and p63 (Figure 2) revealed the typical nuclear coloration pattern, while staining by antibody HER-2 was cytoplasmic (Figure 3) .
Among the mammary samples from the 50 bitches evaluated in this experiment, 44 did not show pyrethroid residues while six (12%) presented residues of at least one pyrethroid ( Table 1) . The χ² test found no association between the pyrethroid presence in the mammary tissue and carcinoma occurrence in different immunohistochemical degrees of malignancy (p > 0.05). 
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Pyrethroids were not present in the fat tissue of 40 (80%) out of the 50 female dogs in this study ( Table 2) . The x 2 test showed no association between pyrethroid presence in fat tissue versus carcinoma occurrence in the different immunohistochemical malignancy degrees (p > 0.05).
Among the 100 samples analyzed (50 from breast and 50 from fat tissue), although the relation between the residue levels of each of the pyrethroids investigated and immunohistochemical phenotype of carcinomas was not significant (p = 0.3365) by the x 2 test ( calculated x 2 = 13.46), it was observed that the most frequent residue was deltamethrin, which was detected in seven of the female dogs (one from the Control group and two in each of the groups Luminal A, Luminal B and HER-2 Superexpression). The second most commonly found pyrethroid was cypermethrin followed by allethrin ( Figure  4) . The quantities of each pyrethroid residue investigated (in µg/g) were heterogeneously distributed among the groups evaluated and between the mammary and fat tissue samples in the same animal ( Table 3 ).
Discussion
Evaluating the gene expression of breast neoplasias in women, generally by a technique such as TMA, enables the taxonomic identification of distinct carcinoma subtypes including: Luminal A, Luminal B, HER-2 Superexpression and Basal [8] . These molecular subtypes not only reflect the heterogeneity of mammary carcinomas but also aid in the prognosis of these neoplasias; for example, the subtype Luminal A is associated with a better therapeutic response, whereas, to the contrary, the Basal subtype is associated with more aggressive behavior and a poorer response to treatment [9] [10] [11] . In canine mammary neoplasias, the loss of hormonal receptors in tumoral progression, as well as HER-2 Superexpression in malignancies, have also permitted the molecular classification of carcinomas into subgroups and correlation with the prognosis, similar to human breast cancer [12, 13] .
This scenario, in which distinct genetic groups are translated by the immunohistochemical phenotypes themselves, is proposed in the present study to identify and quantify residues of pyrethroids in spontaneous mammary carcinoma in female dogs by correlating them with the immunohistochemical aggressiveness profile of these neoplasias. The presence of pyrethroid residues had already been detected in the fat adjacent to neoplastic mammary in female dogs [29, 30] however, to the best of our knowledge, assays that seek to evidence pyrethroid residues in the tumoral tissue itself are inexistent in the literature. Furthermore, no study was found that aims to relate these insecticides to aggressiveness immunophenotypes of neoplasia. In the present experiment, residues of the pyrethroids allethrin, cypermethrin, deltamethrin and tetramethrin were detected not only in some samples of fat tissue adjacent to non-neoplastic and neoplastic mammary but also in non-neoplastic and neoplastic mammary tissue itself; but the presence, type and quantity of the researched pyrethroids were not associated with the immunohistochemical profile of carcinoma aggressiveness.
However, if it is considered that pesticide use is greater in a rural context [15] , that in dogs the skin is an important route of contact with pyrethroids [16] and that the residues of this insecticide are eliminated from the fat tissue within an average of one month after a exposure [19, 20] , the lack of statistical association observed in this study may have occurred because all the female dogs utilized resided in an zone urban and had not received pyrethroid cutaneously for at least 60 days. Therefore, the results may have been underestimated since in this time a majority reduced the degree of exposure to the residues investigated.
On the other hand, given that all the animals in the present research had access to the interior of the residences of their respective owners and received a mixed diet (commercial ration and homemade foods), the presence of pyrethroid residues in fat tissue and/or in mammary tissue demonstrates the influence of the environment on the contamination of these animals since, currently, these pesticides are widely used within and near the human home environment to control insects [15] , especially deltamethrin and cypermethrin, the insecticides most detected in the female dogs of the present experiment. In addition, diet may be involved in this context, given that in these animals, the oral route is also an important means of exposure to pyrethroids [19] .
In most of the published studies, pesticides are quantified in only one component, namely blood/serum or tissue. In the present study, we opted to analyze the exposure by quantifying the residues of pyrethroids in the mammary and in the fat tissue adjacent to normal or neoplastic mammary gland based on the conceptual premise that the mammary gland, in this case, might be the focus of the insecticide's action while the fat tissue would be the reservoir of the fat-soluble compound, and thus can supply information on the exposure history of the animals submitted to the assay. Furthermore, avail himself, based on the evaluation of the indices of pyrethroids in mammary fat tissue and in the mammary gland itself of the same female dog, it would be an unusual situation and may provide data for comparison of the tissue distribution of this insecticide.
In fact, it was observed that only fourteen bitches in this experiment presented pyrethroid residues in mammary and /or fat tissue, two of which presented residues of more than one of the pyrethroids investigated, but in female dogs that presented residues, heterogeneity was observed in the distribution and probably in the velocity of elimination of these insecticides between the mammary and fat tissue samples in the same animal. This finding reinforces the hypothesis demonstrated by Crawford et al. [18] that there is tissue variation in the metabolism of this insecticide. Nevertheless, the metabolic differences in the pyrethroids between the observed mammary and fat tissue, and their clinical significance, need to be investigated more precisely since the detection of pyrethroid residues in neoplastic tissue is an inedited data and the kinetics of the insecticide in this tissue remains unknown.
The International Agency for Research on Cancer (IARC) [37] includes pyrethroids, especially deltamethrin and cypermethrin, in the risk level Group 3, in other words, they are not classified as carcinogenetic in humans, whereas the United States Environmental Protection Agency (US EPA) [38] classifies permethrin and resmethrin as probably cancerigenic to humans (Group 2). Although the pyrethroids are classified, in some situations, as non-cancerigenic, there is substantial evidence for the carcinogenicity of these compounds, both in humans [20, 24, 26] and in other animals [39, 40] .
Thus, it is important to emphasize that the same precautions indicated for the use of substances already recognized as cancerigenic must be adopted for the utilization of pyrethroids. But it is difficult to infer that cancer can present a long period of latency and it is related to exposure to a specific pesticide, even though this relationship was not observed in this study. New studies must be encouraged, principally on mammary cancer, an area in which prior publications that sought a link between this particular type of cancer and pyrethroids [27, 28] are scarce and contradictory.
Conclusions
Under the proposed experimental conditions and the sample selected for the present study, it was possible to conclude that there is no statistical evidence that pyrethroids are involved in the aggressiveness of mammary carcinomas in female dogs. Nevertheless, it is necessary to: 1) Study the kinetics of pyrethroids in normal and neoplastic mammary gland and to compare the results with the kinetics of other tissues, principally fat tissue, to evaluate whether the tissue variations may represent some risk for mammary carcinogenesis; 2) Investigate, from the pre-established protocols, whether the concentrations of pyrethroids differ at distinct immunohistochemical degrees of mammary-carcinoma aggressiveness in female dogs.
